The emerging High Efficiency Video Coding (HEVC) standard attempts to improve the coding efficiency by a factor of two over H.264/AVC through the use of new compression tools with high computational complexity. Although multipledirectional prediction is one of the features contributing to the improved compression efficiency, the computational complexity for prediction increases significantly. This paper presents an early uni-directional prediction decision algorithm. The proposed algorithm takes advantage of the property of HEVC that it supports a deep quad-tree block structure. Statistical observation shows that the correlation of prediction direction among different blocks which share same area is very high. Based on this observation, the mode of the current block is determined early according to the mode of upper blocks. Bi-directional prediction is not performed when the upper block is encoded as the unidirectional prediction mode. A simulation shows that it reduces ME operation time by about 22.7% with a marginal drop in compression efficiency.
Introduction
Video compression technologies as well as video applications such as video conferencing, streaming, video storage and communication have attracted industry attention due to the increasing popular demand for high-definition (HD) video content. H.264/AVC [1] has been regarded as the state-of-the-art video coding standard and widely used. Recently, the next-generation video coding standard [2] , [3] known as High Efficiency Video Coding (HEVC) has been developed by ISO/IEC MPEG and ITU-T VCEG. In the emerging HEVC standard, several new features are introduced, including a flexible block structure, increased intracoding directions, sophisticated interpolation filters, various in-loop filters, and enhanced entropy coding schemes. The HEVC standard aims to double the bitrate reduction offered by H.264/AVC at the expense of an increase in computational complexity. The motion estimation (ME) remains among the most time-consuming computations in HEVC like H.264/AVC. The main target resolution of HEVC is full HD (1920 × 1080) and beyond. Therefore, fast interprediction is not only an important challenge but also an urgent problem to be solved for HEVC compression to be used in real-time consumer electronic devices. In HEVC, there are three temporal prediction structures: the intra only, random access, and low-delay modes. In the intra only mode, inter-predictions are not allowed, whereas the random access mode supports hierarchical B picture coding, which is similar to that in H.264/AVC. In the low-delay mode, the generalized P and B picture (GPB) is introduced. In a group of pictures (GOP), the first picture should be coded as an instantaneous decoding refresh (IDR) picture. Then, the following GPB pictures are coded with uni-directional or bi-directional predictions. A unidirectional prediction has only one motion vector (MV), whereas a bi-directional prediction has two MVs. The GPB pictures differ from B pictures in that only past reference frames are used for both uni-and bi-directional predictions. In a bi-directional prediction, two MVs are obtained either from one reference frame or from two different reference frames. The rate-distortion (R-D) costs from uni-and bidirectional predictions are compared and the direction that has a smaller cost is used for the final motion compensation (MC). This multiple-directional prediction improves the compression efficiency but doubles the time required for ME compared to when only uni-directional prediction is used. For bi-directional prediction in the HM5.0 reference software [4] if the fast encoding flag denoted by FEN is turned on, one MV is obtained from the uni-directional prediction and the additional searching of reference frames is required to obtain the other MV. If FEN is zero, all combinations of two MVs from reference frames are evaluated to find the best one. Therefore, the time ratio between the only uniand the uni-/bi-directional MEs is 1 versus 2 with FEN = 1, whereas the time ratio with FEN = 0 is approximately 1 versus 3.2.
In H.264/AVC, the reduction of prediction direction is used for multi-directional ME in B pictures. An early termination algorithm for multi-directional prediction is proposed for a hardware-based encoder system [5] . The condition for a uni-directional ME denoted as C UNI ME is defined based on information from neighboring macroblocks (MBs). If C UNI ME is satisfied, integer ME (IME) and fractional ME (FME) are performed only in the direction selected from between forward and backward directions. The bi-directional prediction is also omitted. When C UNI ME is false, both the forward and backward IMEs are performed. Then, one of the forward and backward FMEs can be skipped based on the result of the forward and backward IMEs. In this way, a speed-up is achieved by selecting a uni-directional Copyright c 2013 The Institute of Electronics, Information and Communication Engineers prediction with lower complexity and discarding a multidirectional prediction with higher complexity. However, the direct application of an existing algorithm for a fast HEVC encoding has the following two problems. First, the size of a largest coding unit (LCU) in HEVC is 64 × 64 coding unit (CU). Thus, the spatial correlation between neighboring LCUs and small CUs inside a current LCU decreases. This can cause quality degradation. Second, the direction decision algorithm for a FME prediction based on IME results is only possible in a hardware-based encoder which usually performs the IME and FME operations in a pipeline manner. Recently, algorithms for an efficient bi-directional prediction are proposed for HEVC [6] , [7] . It is empirically observed that R-D costs of forward and backward prediction are increasing when a bi-directional mode is the best mode. Thus, the bi-directional prediction is performed only when the R-D costs of forward and backward prediction are larger than the average R-D cost of previous blocks coded by forward or backward mode [6] Achieved time reduction is just 10%. In Kim's approach [7] , a bi-predictive merge prediction is performed only when the difference of forward and backward MVs are smaller than 4 pixels, whereas bidirectional ME is removed. This method reduces encoding time by 30% but the quality loss is very large.
In this paper, the hierarchical prediction direction decision algorithm is proposed for the multi-directional prediction of GBP pictures in HEVC. The proposed algorithm takes advantage of that there is a deep CU hierarchy in HEVC and the correlation of prediction direction among different CUs which share same area is very high. Simulation results show that the proposed algorithm achieves about 22.7% of the encoding speed with a very small degradation of the compression efficiency.
The rest of the paper is organized as follows. Section 2 presents the proposed decision algorithm for a prediction direction and the simulation results are shown in Sect. 3. Conclusions are given in Sect. 4.
Prediction Direction Decision
To achieve high compression performance for highresolution videos, HEVC defines the CU as the basic unit, varying from 8 × 8 to 64 × 64 as shown in Fig. 1 . Given the CU size, a variable block type of quad tree-structure is adopted. The depth of this tree is as large as four. The largest CU denoted as LCU is split into as many as four 32×32 CUs. Each 32 × 32 CU can further be split into four 16 × 16 CUs. Assuming that the size of a particular CU is 2N × 2N, a CU can be split into 2N × 2N, 2N × N, N × 2N and N × N types of prediction units (PUs). Each PU has various prediction modes, including the intra-and inter-prediction modes. Table 1 shows the correlation of CUs in different depths in terms of their prediction direction. For a simulation, the configurations for the encoding are low-complexity, lowdelay, and GPB pictures. The number of reference frames is four at most. Three video sequences, Aspen with a resolution of 1920 × 1080; FourPeople with a resolution of 1280 × 720; BQMall with a resolution of 832 × 480, are used in the evaluation. Each test sequence consists of 50 frames. The first and second columns represent the QP values and test sequences. In the third column, the rate of unidirectional mode in the 32×32 CUs is shown when the upper 64 × 64 CU is determined as bi-directional mode, whereas, in the fourth column, the rate of bi-direction mode in the 32 × 32 CUs is shown when the upper 64 × 64 CU is determined as uni-directional mode 24.43% and 4.14% of 32×32 CUs are determined as uni-and bi-directional mode when the upper 64 × 64 CU is bi-and uni-directional mode, respectively. Other 32 × 32 CUs follow the same direction of the upper 64 × 64 CU Similarly, from the fifth to eighth columns, the rates of uni-and bi-directional mode of 16×16 CUs and 8 × 8 CUs are shown when their upper CUs are biand uni-directional mode. As shown in Table 1 , just a small amount of CUs are encoded as bi-directional mode when the modes of the upper CUs are uni-directional mode. Compared to 8 × 8 and 16 × 16 CUs, 32 × 32 CUs have a less directional correlation with the upper CUs.
Based on the observation from Table 1 , the proposed early prediction direction decision algorithm is shown in Fig. 2 . The prediction of the current CU is determined early as uni-directional mode when the upper CU has the unidirectional mode. If the current CU size is 64×64 or 32×32, both uni-and bi-directional predictions are performed. If the current CU size is 16 × 16, the prediction direction of the 2N × 2N PU in the upper 32 × 32 CU is checked. When the 2N × 2N PU in the upper 32 × 32 CU is encoded as an unidirectional mode, the ME operation for 2N × 2N, 2N × N and N × 2N PUs of the current CU is performed only in uni-directional mode. If the current CU size is 8 × 8, early prediction direction is conducted similarly with 16×16 CUs.
Simulation Results
For the simulation, the configurations for the encoding are low-complexity, low-delay, and GPB picture and the number of reference frames is four. The FEN flag is set to 1. Table 2 shows the simulation results of an early unidirectional prediction decision described in Fig. 2 . The first and the second columns represent the resolutions and test sequences used in the simulation. From the third to fifth columns, the increase in the BDBR, the drop in the BDP-SNR and the ME operation time saved are shown when an early uni-directional prediction decision is applied for 16 × 16 and 8 × 8 CUs. Compared to the original bidirectional search, a time reduction of nearly 22.72% is achieved by omitting the bi-directional prediction. The consequent R-D drop is 0.092% increase in the BDBR and 0.003 dB drop in the BDPSNR. From the sixth to eighth columns, only uni-directional prediction is performed for 8 × 8 CUs, whereas both uni-and bi-directional predictions are performed for 64 × 64, 32 × 32, 16 × 16 CUs. The time saving and the R-D performance are smaller than the proposed algorithm.
From the third to fifth columns in Table 3 , the proposed algorithm is applied to 16×16 CUs additionally. 26.021% of time saving is achieved, whereas the increase in the BDBR and the drop in the BDPSNR are 0.175% and 0.006 dB, respectively. From the sixth to eighth columns, 16 × 16 and 8 × 8 CUs perform only uni-directional prediction. The time saving is improved, whereas the consequent R-D loss is very large.
Conclusion
The HEVC standard supports variable block sizes from 4×4 to 64 × 64 using a quad tree-structure. In this deep quad-tree structure, a hierarchical decision algorithm is very effective because there are many opportunities to terminate further prediction when searching a tree of blocks. The proposed algorithm takes advantage of the fact that there is a strong correlation among blocks in a different hierarchy in terms of prediction directions. In the future, the proposed algorithm tested in the GBP structure need to be further elaborated and enhanced for the random-access structure.
